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Our Collaborative Development Process
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Scope and Scale of Simulations
SCOPE: Individual small settlements up to whole regions (> 100 km)

SCALE: Entity-Level Resolution and Granularity
• Individual households and persons as independent social agents
• Individual crop fields, domesticated fauna

SCALE: Process and Temporal Resolution
• Daily weather, hydrologic and soil processes, vegetation dynamics
• Daily to sub-daily (hours, minutes) tracking of detailed household tasks 

and social interactions
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ENKIMDU Object-Based Representation of Key 
Domain Entities and Their Dynamic Behaviors
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Temporal Texture of Modeled 
Concurrent Natural and Social Processes
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Example of a Simulated 
Natural / Social Process Interaction



9Modeling Ancient Settlement Systems 
with the ENKIMDU Simulation Framework

Anthropogenic Landscapes

Composition of Household Agent Objects



10Modeling Ancient Settlement Systems 
with the ENKIMDU Simulation Framework

Anthropogenic Landscapes

Household Agent Adaptive Behavior Examples
Household agents’ perception of  sustainability stress can drive them 
to initiate complex behavior patterns that address different 
time horizons…
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Exchange
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Household Agents’ Agricultural Behavior Pattern Models
Planting a barley crop: a household coping response to perceived future food stress

These two models are implemented using Argonne’s FACET framework
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Northern Mesopotamian Pilot Site: Tell Beydar
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Computer Model of Bronze Age Tell Beydar
A reconstruction based on site surveys and regional analogs: 
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ENKIMDU’s Currently Available Output Streams
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Key to Household Diary Results
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Snapshots from Tell Beydar 100-Year Baseline Simulation: 
Households’ Daily Agricultural and Pastoral Activities
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Households’ Daily Agricultural and Pastoral Activities - I
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Households’ Daily Agricultural and Pastoral Activities - II
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Households’ Daily Agricultural and Pastoral Activities - III
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Households’ Daily Agricultural and Pastoral Activities - IV
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Tell Beydar 100-Year Baseline Scenario
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Environmental and Social Stress Scenarios

Much more detail is available for these scenarios!
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Major Ongoing Project Tasks

• Expand studies to sub-region 
and region scale 
in Northern Mesopotamia

• Implement and test 
Southern Mesopotamian 
pilot settlement model

• Strengthen the current agent representation – e.g.: 
- stronger person-level (vs. household-level) agency; 
- agent motivations beyond subsistence; 
- emergence and perpetuation of elites

• New U. of Chicago / Argonne pilot study: modern Thai agroeconomics
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Some Observations

BUILD MODEL TEST & RUN MODEL INTERPRET RESULTS …

The most scientifically valuable part of this process may turn out to be 
the model-building phase!

As we attempt to include more and more complex real-world structures 
and mechanisms within our holistic simulations, we are uncovering 
more and more knowledge gaps -- technical issues that the scientific 
community has never before needed to resolve, and may never even 
have identified before.  Discovering these is a good thing!

It appears that there could be hundreds of worthwhile dissertation topics 
waiting to be discovered in the process of constructing a modeling 
framework such as ENKIMDU. (We’ve found dozens already)
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… And, Finally:
For further information, contact:
John Christiansen
Advanced Simulation Technologies Center
Decision and Information Sciences Division
Argonne National Laboratory
9700 S. Cass Avenue – Bldg. 900
Argonne, Illinois 60439-4832 USA
(630) 252-3291; FAX (630) 252-6073

e-mail: jhc@anl.gov

mailto:jhc@anl.gov
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